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ABSTRACT

Liu, C. T., and Hilmas, D. E. Effect of X—Irradiation on Survival of
Rabbits with Staphylococcal B Enterotoxemias. Radiat. Res.

Nonlethal, total—body, x— irradiation (500 R) of rabbits 4 days

before intramuscular staphylococcal enterotoxin B (SEB) inoculation at

doses of 10—50 ig/kg prevented the lethality. The same x—ray

pretreatment improved survival of rabbits given higher doses of SEB

(100—5000 pg/kg). Local cardiac region or cephalic irradiation (500 R)

failed to improve survival among rabbits inoculated with SEB (100 ~gIkg).

The mechanisms by which total—body x—irradiation protects rabbits

against SEB toxemia may be associated with both decreased tissue 02

demand and leukopenia.

3—S key words needed : x—irradiation; rabbits; staphylococcal

enterotoxin B; survival.

3

__________  • - ntr - 
_ _ _ -  _ _ _  -. -- - — - -

- — - - ~~~~--- -•~~ -•
~~~ 

•
~~ 

.

— 

- 

— — .



INTRODUCTION

It has beet~ well documented that intraveneous (IV) injection of a

small quantity of highly purified staphylococcal enterotoxin B (SEE)

produces death in rhesus monkeys (1—3), dogs (4, 5),  and rabbits (6, 7).

Enteric endotoxin release was suggested as the cause of death in rabbits

(7). Total—body x—irradiation has been shown to prolong 8urvival of

endotoxemic dogs (8) and mice (9, 10) , as well as SEB—inoculated rhesus

monkeys (11). Further, a highly virulent strain of Venezuelan equine

encephalomyelitis virus produced less severe histopathologic changes in

brain tissues of mice previously exposed to sublethal (600 R) total—body

x—irradiation than it caused in nonirradiated mice (12).

The objectives of this study were 1) to examine whether

pretreatment with a sublethal dose of total—body x—irradiation would

modify the SEE— induced lethality in Dutch rabbits, 2) to compare

localized and total—body irradiation exposures on the basis of rabbit

survival characteristics following SEB inoculation, and 3) to determine

possible mechanisms associated with protection by total—body

x—irradiation during SEE enterotoxemia.

W~TER IALS AND METHODS

Healthy, male, Dutch rabbits weighing 1.6 to 2.2 kg were allocated

into four groups and 19 subgroups (Table I). Group I (n 2].) served

as nonirradiated controls, and group II (n — 31) received 500 R

total—body x—irradiation and various doses of highly purified SEE (13)

ranging from 5 to 5000 pg/kg. SEB was given intramuscularly (TM) 4 days

postirradiation. Survival time was observed for a period of 7 days.
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~Jroup III (n 36) rabbits were exposed to 500 R of total—body

x—irradiation and 4 subgroups received a single IN dose of SEB (0.1

mg/kg) was given at 15 mm , 3, 4, and 7 days postirradiation . Within

group III, two subgroups (15 and 16) were irradiated , but no SEE was

given. Oxygen consumption and body weights and blood leukocyte counts

were determined at various time intervals for 106 and 46 days,

repectively. Group TV rabbits (n 16) were irradiated locally (500 R)

over the head, body (with head shielded), or cardiac region. All

rabbits in Group IV were inoculated with SEE (0.1 mg/kg, IN) 4 days

after x—ray exposures and were observed for survival.

The total—body x—irradiation exposure dose (500 R) was delivered

from a 1 MeV, 3 mA , x—ray generating unit (General Electric , Milwaukee,

Wis.) operziting at an effective energy of 475 key without added

filtration. Before irradiation, each rabbit was anesthetized with

Innovar—vet (0.15 mi/kg, IN) and placed in a Lucite cylinder (length

49.5 cm; diameter = 13.6 cm), which was rotated at 1 rpm in the x—ray

beam. The midline exposure dose rate was 30 R/min in air at a distance

of 118 cm. For local irradiation, the anesthetized rabbit was strapped

on a wooden board in a supine position, only the head, body, or cardiac

region was exposed to 500 R, while other portions of the body were

shielded with a 5—mm lead plate.

Oxygen consumption of the intact rabbit was measured with a

one—liter spirometer (Warren E. Collins, Inc., Braintree , Mass.). The

volume of utilized 02 
was standardized with pressure and temperature.

Body surface areas of rabbits were calculated according to the data

compiled by Altman and Dittmer (14).
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A small volume of blood was taken from the marginal vein of the

ear for leukocyte counts. The blood (20 ul) was diluted with Unopette

reagent (1:100, Becton—Dickinson, Rutherf ord , N.J.) and the number of

leukocytes was counted with a Neubauer hemocytometer under 100 x

magnification.

All data were analyzed statistically. When values were compared

front the same rabbit between the base—line and later values, the paired

t—test was employed . When comparisons were made between two different

groups. an independent t—test or a chi—square test was utilized . The

“null” hypothesis was rejected at the 5% level.

RESULTS

Effects of total—body x—irradiation (500 R) pretreatment on

survival of rabbits challenged with various doses fo SEB (100—5000 pg/kg)

are summarized in Fig. 1. A single dose of SEB 5 Pg/kg was not lethal

to normal nonirradiated rabbits. There was only 20% survival, when SEE

(10 to 100 pg/kg) was given to nonirradiated rabbits. The survival

incidence was between 80 and 100% in the irradiated groups given

identical doses of SEE. Although a large dose of SEE (500 pg/kg) killed

all nonirradiated animals, 2 of 5 (40%) of the irradiated rabbits

survived. Even with doses of SEE that would ordinarily be overwhelming,

1 mg/kg and 5 mg/kg, 60% and 20% respectively of rabb its that received

total—body irradiation survived, suggesting a continued expression of

the protective effects.

The effect of time interval between total—body x—irradiation (500 R)

and SEE inoculation on survival characteristics is shown in Pig. 2.

Five of 6 rabbits (83%) survived when the time interval between
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x—irradiation and SEB inoculation was 4 days. No significant

difference in survival was observed between control (20%) and irradiated

groups (50%) ,  when total—body x—irradiation was applied on either 3 or

7 days prior to SEB inoculation. Only 1 of 6 rabbits (17%) survived,

however, when the time interval between x—irradiation and SEB inoculation

was reduced to 15 m m .

Applications of local irradiation (500 R) to the regions of the

head or cardiac region did not alter the percent survival, 17—25%, when

compared with control nonirradiated rabbits (17%), inoculated with the

same dose of SEB (Fig. 3). When the head was shielded, the irradiation

of “body” alone increased survival slightly from 17 (control data) to

50% during SEB toxemia. However, survival (83%) with total—body

x—irradiat Ion was higher than with any treatment of selected regional

x—irradiation (Fig. 3).

The response of leukocytes to 500 R of total—body x—irradiation is

presented in Fig. 4. Using the leukocyte count before irradiation as a

baseline of 100%, the counts increased to 130% by the day following

• irradiation. By days 4 and 5 postirradiation, however, leukocyte counts

were drastically reduced to 30% of baseline. Although there was a trend

for gradual return of leukocyte counts to preirradiation levels, the
t

return only reached 60 to 70% during a period of 46 days.

Fig. 5 shows the changes in 
~2 

consumption, body weight, and rectal

temperature of nonirradiated control rabbits for 22 days. The

consumption varied from 6 to 7 liters/hr/rn
2
, while the rectal temperature

was maintained between 39.2 to 39.6°C. The mean body weight was

significantly increased from 2.2 to 2.4 kg within 22 days, indicating an

approximate increase of 9 g/day. The effect of •a sublethal dose of
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total—body x—irradiation (500 R) on 02 consumption and body weight for

a period of 106 days is illustrated in Fig. 6. Rectal temperature did

not show significant changes. Oxygen consumption decreased on the first

day after Irradiation and reached a minimum on day 4. Although 0
2

consumption of irradiated rabbits fluctuated and had a tendency toward

recovery on day 16, reduced 02 consumption was maintained for 106 days.

The body weight decreased significantly 3 to 4 days postirradiation and

there was no significant growth for 16 days. Significant Increase in

body weight above baseline values was observed by day 20 after

total—body x—ray exposure. Between days 20 and 106, the body weight

increased form 1.95 to 2.15 kg, indicating an increase of 2.3 g/day.

The growth rate of irradiated rabbits was greatly inhibited as compared

with that of nonirradiated rabbits (9 g/day).

DISCU SSION

SEB—induced lethality (10 to 50 pg/kg) in rabbits was prevented by

a single, nonlethal, total—body , x—irradiation dose of 500 R

administered 4 days prior to SEB inoculation. With higher doses of SEE

(0.1—5.0 mg/kg), survival was significantly increased with the same

• amount of x—irradiation. Local cardiac or cephalic irradiation (500 R)

failed to prevent lethality after SEE inoculation (0.1 mg/kg), and

body exposure with the head shielded provided less protection against

SEE toxemia than total—body x—irradiatIon. It appears that

radiation—induced systemic, ra ther than local , effec ts are responsible

for increased survival during SEE toxemia.

The survival of rabbits was highest when the time interval between

irradiation and SEB inoculation was 4 days. At this particular interval
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(4 days), both 02 
consumption and circulating leukocyte counts decreased

to minimal levels. Simultaneous changes of these two variables may be

associated with increased survival during SEB toxemia. However,

decreased 02 consumption alone, induced by throidectomy , dehydration,

starvation, and propylthiouracil, failed to show any beneficial effect

on survival (unpublished observation). If it is true that leukocytes

serve as “carriers” for transporting SEB from various tissues to the

lung (11) and that leukocytes play a role in the formation of kinins and

increased permeability of pulmonary capillaries (15) removal of

leukocytes from the blood would be beneficial for the prevention of

SEB—induced pulmonary edema (16, 17).

The change in °2 consumption after total—body irradiation varies

with dose and animal species. In rhesus monkeys, 02 consumption was

increased with 1,000 R, showed no significant change with 2,500 R, and

was suppressed with larger doses (18). In guinea pigs (19) and fed rats

(20) ,  02 consumption was unchanged after 250 and 800 R total—body

x—irradiation. In the present study with rabbits, 02 
consumption

decreased and there was impaired growth after a nonlethal dose of 500 R

total—body x—irradiation. Although rabbits began to gain weight at 3

weeks after irradiation, the hypometabolic values did not return to

preirradiation levels for 106 days. A similar reduction of 02

consumption has been observed in rabbits following a lethal dose (1200 R)

of 60Co—exposure (unpublished observations). These observations suggest

that radiation—induced hypornetabolism is not related to irradiation dose,

but rather to species differences.
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FOOTNOTES

A portion of the work was reported at the Federation Meeting of

the Am erican Physiological Society, Chicago, Ill., April 1977

(Federation Proc. 36, 610, 1977).

2 
In conducting the research described in this report, the investigators

• adhered to the “Guide for the Care and Use of Laboratory Animals,” as

promulgated by the Committee on the Revision of the Guide for Laboratory

Animal Facilities and Care of the Institute of Laboratory Animal

Resources, National Research Council. The facilities are fully

accredited by the American Association for Accreditation of Laboratory

Animal Care.

The views of the authors do not purport to reflect the positions of the

Department of the Army or the Department of Defense.

Present address: Chief, Office for Wholesomeness of Irradiated Foods

U.S. Army Medical Research and Development Command

Washington, D.C. 21314
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LEGEND S FOR FIGURES

Fig. 1. Effect of total—body x—irradiation (500 R) pretreatment

on survival of rabbits challenged with SEB IN 6 days postirradiation.

The number in the bar represents n.

Fig. 2. Temporal effect of total—body x—irradiation (500 R) on

survival of rabbits (n = 6 for each group) given SEB (0.1 mg/kg) IN.

Fig. 3. Comparison between survival of rabbits locally irradiated

and total—body x—ray exposure 4 days before SEB inoculation (0.1 mg/kg).

Fig. 4. Effect of total—body x—irradiation (500 R) on leukocyte

counts of rabbits.

Fig. 5. Changes in 0
2 
consumption, body weight, and rectal

temperature of control, nonirradiated rabbits (n 6).

Fig. 6. Changes in 02 consumption and body weight in sublethally

irradiated rabbits (n = 6).

16

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~



V
0

t1~ 0
0 

w 0
lii S~)

0
_ _ _ _ _ _ _ _ _ _  

0

~~~ 
—

7 0  V
z ~
z - * * Sn 0

0

* IA 0 —

* 

_ _

H *
I’)

[
F- 1
0 0 0 0 0 0
2

1VA1AW’IS %



r
Cl,

a

z
wr 2
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I—

a

C,,
0

‘o w

1VA1AW’l S %



P
0

0 .

-J

> w -

0 ...
c’J

CD
II
C

_ _  

I I I 
____

_ _  - 

8 
_ _ _ _ _

~~~~

•!. • . -~~~~~~~~~~~~~~~~ .• — 

____



(0

O’i

~~~I0

tO
~~~I0 z

0

0

N !
I

I-.
U)

-
~~~~~~~ o

0~
-~~~~~~~ CI)
-

~~~~~~~~~~~~~~0

—

I

- S n

:~0 0 0 0 0 0 0 0
N 0 ~~~

. N
— — —

1O~LLNO3 40 S



0

* ‘ N

*
Iii

‘4-\
Iiia.

o w -
~~~~~~~~o I 1 I- C,)

I IV I I —Sa. I I a
* F—~~---1 - 0 )

~~
.

N N N _ _ _

0 0)
I0

3.



In
* 2

0
* 0’s

I

In

Ino 
*0

V
a. * **

0 0
* *

* *
I-I I— 0 (e)

Z * r o2 CD a.
La. * F I U,
I I >-

U) * r
I

o * I- *3i
N * I *90

* I- 1
1 N

0~~~~~~~~

I— I I U I~~~ I— U U

0 (0 ,~ (0 In 0 C~I . O~ 0’s U) 0
N N 

~
j  — —



UNClASSIFIED
SECURITY CLASSIFICATIO?N OF TIllS PAGE (WP.,n Data Hnt .r.d) 

___________________________________

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE 
• 

BEFORE COMPLETING FORM
1. REPORT NUMBER

12. 
GOVT ACCESSION NO. 3. RECIPIENT S CATALOG NUMBER

/

4. TiJ~~Ej~~dSl~ ft1 ... ._ —_---——-- ‘ ‘  
~~~ ~,._X~~PE OF REPORT & PERIOD COVERED

with Staphylococcal B Enterotoxemia~ 
bits ..~/~~erim r~~:iJ

Effect of X_Ir radiat~~~~~~~Surviv~~~~~~Ra J . ..
6. ~tRFO~UeNG-ORG.- RfP~~~ T N____________ ___________ 6. CONTRACT OR GRANT NUMBER(.)

C. T./Liu~~~~~ D. E ./Hilinas
j

B. PERFORMING ORGANIZATION NAM E AND ADDRESS tO . PROGRAM ELEMENT. PROJECT . TASK
AREA & _WQ~~K UNIT NUMPEWS

U.S. Army Medical Research Institute of
Infectious Diseases SGRD-UIA-A / ~~~~ 

(
~EFort Detrick , Frederick , Mary land 21701 ~~~~~~~~~~~~~~~~~~~~~~~12. REPOWYSJLTV

~~
Feb

~~~ J
I I . CON TRO L L I N G  OFFICE NAME AND ADDRESS

‘14.- i~u=~
16 

___t4~ MONITORING AGENCY NAME & ADDRESS(U dIII.,onS f rom ConI,off inj O If l c .)  IS. SECURIT

UNCLASSIFIED
15.. DECLASSIFICATION/DOWNORADING

SCHEDULE

II DISTRIBUTION STATEMENT (of hi. R.porf)

Approved for public release ; distribution unlimited

17. DISTRIBUTION STATEMENT (of A. .b.t r.ct .nt. r.d in Block 30. if dIff.rsnt from R p ort)

IS. SUPPL EM ENTA RY NOTES

Reprints bearing assigned AD number will be forwarded upon receipt.
To be submitted for publication in Radiation Research

i5. KE Y WO RDS (Continu, on ravsca• aid. If  n.c•.a~~y ond Id.ntify by block ni

X-irradiation .- ---
Rabbi ts
Staphylococcal enterotoxin B ~~~ 

;~iic rO~~cCk ‘~~~ ~~

..~~~~Survival

25 APIfRACT ~~~~~ 
.
~
.u’.. N .. -.. r d I*~~Ifr by 510th m b ~r)

‘ Nonlethal, total-body, x-irradiation (500 R) of rabbits 4 days before intra>~~
avscular staphylococcal enterotoxin B (SEB) inoculation at doses of 10-50 ~~ Vkgprevented the lethality . The same x-ray p~etr.atment improved survival of rab-
bits given highe r doses of SEB (100-5000 (ggl/kg). Local cardiac region or cc-

4 phalic irrad iation (500 R) failed to impr~~e surviva l among rabbits inoculated
with SEB (100 jj lkg) . The mechanisms by which total-body x-ir radiat ion prgtects
rabbits aga1ns’~ SEE toxemia may be associated with both decreased tissue 02 de-
mend and leukopenia

_ 
_ _ _  

7
•

ri.~ (
_

w ,~~ n W3 fr*Iwnos. OV P Nov SC IS 0 501.Erc icz.~ssin~ 9~
”cj’ I.) ~~~~

$ECU*VY CI.*UPP#CATIOIP o~ THiS PASt (eon Oaf. l.,ft..d) 
•

_ _ _  
_ _ _ _ _ _ _ _  --


